Intermountain Stallon 's Forestry Sciences LabOratory In Bozoman. MT . HIs duries included development 01 inslru· mentation tor environmental mOnltormg. He is currently working on systems to manllor log9lO9 operallons and to measure ground waler RESEARCH SUMMARY Timber harvesting and residue reduction practIces thai altar shade. surface thermal propen les. and mOIsture Inllu· ence energy balance and heal Iransler on the site. slgnl!!' : anUy mlluencIOg temperatures. Because the problems 01 mon311ty 10 seedlings due 10 high temperature and Insufflclenl mOisture ate poten tially widespread and expenSive , It is ctuclal 10 be able to identify problem sites dunng Ihe planning process.
Following alternative ovetstory removal and residue reduction treatments at three locations, ground surface temperature maximums Increased and minimums declined s,gnificanlly as the amount 01 overstory removal increased. POI6nhal", lelhal high temperatures (> 133 oF) occuHed freque(,Uy on all siteS, while polenllally lethal minimum tem· peratu,es «25 oF) occurred on two sites. POlentially lethal temperatures occurred more frequently under Irealmenls involving greater overSlory removal. Similar relaltOnShips between treatment intenSity and maximum and minimum temperatures were observed among alternative surface condlltons resullmg from residue trealmen'''. In general. max imum and mIOimum temperatures of lturned and hlter surfaces in clearcuts wore not different . bul mineral soli surfaces were slgnif,eanlly d ifferent from Ihe litle, surfaces under a she1terwood cufting. Temperatures 01 a chip surface Includftd maximums significantly cooler than Ihal of burned and htler surfaces. Observed monali'y of planted seedhl"'gs on study sites was consislenl With the pallern 01 potenllally lelhal ,emperalures measured on the unitS.
Clearcunlng Significantly Increased SOIl temperalures at depths to 16 IOches compared to the uncut Ireatmenl. Humus temperat ures," a shellerwood were IOlermediate between Ihe clearcut and uncut treatments. Surface condItion also significantly altered temperatures at 2 to 16 tnChb deep. Average temperatures under burned. hner. and ch ip surfaces were all dlfferer1l: those under burned surfaces were warmest and those under ch ips were coolesl. In general. the pattern of Heatment d ifferences tn tho 5011 IS the same as at the surface. Overstory trealment dtd not Inlluerice alt temperature.
" high temperatures or Irosts are expected on a site. va rying the amount of ovorSlory removal or provldIOg shade by leavIOg more residues on the surfif,ce may reo duce the potentIa l for seed ling morta lity. ScantlcaltOn 01 the surface to provtde for a mineral SOIl seedbed w,II also reduce the pOIOnl!a1 for high temperatures and , thus , seed· ling monallty. 11 IS Important to be aware ot the thermal properties of the surface mat8nals and understand the consequences of leaving pJant h!ter, branches. charcoal . loosened SOIl. and other maleflals on the surface. Where the potential tOf Irost pockets exists , cutttng units should be laid out so cold drainage IS not blocked, Overstory canopies can be effective 10 reducing the occurrenco 01 mIdsummer Irosts wilh ltl;txirnufIll! r\.'adult/: 17.; :I F (~I\t.'; l n· r Wri ll. 1. .. 1:111 Il:tti·H (n uml &til ~ur(a ~ tl'lIll.lf:ratun'jI "ftl'n rl.'a~' ht~1 II :, h . P ii Cl F i,n "('nllt.' =-I"I~~ at hi~h ·..J,' \·al iuli Jl I""~ in :-"lIth· Wt':ot\.' rn ~I ltntana nn.1 t·:i:-tt.'rll 1.1:1111) . Sur(:u'''' h"lIl l .... ' .\lUr\.·:-I·n :-I:l.jl h · hu rn\.~_1 l'it.'arcutJl: in • • rt'/:"n t'xn_ 't.~IIt.· lhlll',,·\'d :'l .. n Ii!I II 9 ";' IJen 't"lI o ( Iht.' ~Hll i h s tv!,,,'!! nnll tMlfly flO 1 "~I .·t t lln ' \·IIlII li lillll:-. lIlId :< lI r (:I,·,· Ilwrm:t1 l,r"I" 'rll" :-",,"lnl.ut.· III Ih,· .!t',' n "' IlI't' ,,( frill'l:-II 't ... ·h r:tII 1! " ;~t , F .. n I"r I!I7 H.
I.I ·thil l 111\' tt-1rI11\·r:1 IUr,·1" \:11)' h,\ "1",\'11. ';0: (n ,rn ;{I ) It. I·' F W ,,,/ hra ll :lUd 1("r"::" '11 I!f;a; 1.,'\'111 1~11'I'i) ·1\·" 111t·ralUrt· \ :lrmti"l1 :11 tflt' ~u rf;II'~' alld iii Ih,' : 1II'la~t' r :ou rr()Uf lllin~ :ot't~I1iIlJ.!:o i!l a fu n"l i"n II( Ill!' Iwat fl ux ,1"'11:-11, \ :. 1 :lIItl tlt'·nwll l.· .. ,ullll·t i\·il t· jK I '/f the ~urf:ll'\ ' ;t llfl luw"r !"nil hl,ri7.ulI:O. A (:lI'l lir I I\f ' j "':lIII.~1 Ih.· II",rmal" ,,"I:h'l I·udfi · "i"1I1 1l"II('h r:1II I~II;~I ) intt"!r:Ilt-'!" Ih,·:;.· IWu (;wtnr: i O, T~IIIIJl' r' !' ! Iur,· \':11;:1111111:-ar,· in" ,·r"St.'ly 1'''II''Irllllll:l1 t.. 1\, ', nit' lIalurt.' II( tlil' m:II,·n :11. m "i~lur,· l"" nlt·nl. ,m.1 :mt"unt lIe :Iir ~V;II'l' ula u~, "'lIrnI1.11·lil,n , " ·xtur,·. lInll :-"il l~' II"l iu, nUl'm'l' t h,·::c 11i,' rllla l I'r"I .. ·rt it·:-, T,·rnl,,·r.IIU,,·:O an' UI"'" (·Xln·TIl,· tin (,rJ::lIIi,' ~ur(:U'es Ihan lin millt'r:11 :"Hil (('IIl'hran I!1Ii~t : FI~wll' r 1~'7·l ', Th,' I.wrmal prt/I,,·rl i,·!> "f Iii,' M"t .. II"~1 art' (' ritit-:III:; illll'urllUll '('IIt'ltr.m I!tl ;~I ; FlOn!.!r 1:1; .1). Th,· t"1 1Ulll ihfl prl'\Ii,' I.!I Ih:1t lhlOk ' JJr;lI'lk,'~ !,rll\' ldin/: illaa,'"' 1,11.'\·rl.·II! ill/: R ill, Ill1uwin),! (lir uU'rl'all illl!' air l'irl'ul:ttiun l in . . "rt ;l ls i ll~~ II ,. fi r .I('\.'rl·:t.!li n/: :our(~l'~ "v:lpn r.u i"n \'.illlll\\'t.'r 1111 ' h'ml""'r:llur,' \'ari:lliml h)' rl."lud nJ:' Ih,,· ;UIl"unt lIe ""':tl :11 Ihl' ::u rf:ll't.' "r "y rlis.;;i,,:lIinJ:' tht.' hf':tl I"' (u rt' it r.1I:;'.':-thl' t,·flI l.1\.·r:I IU"· til 1('lhal I, ·\d~, ~lInc ,it'),!r .. 't· "r ~h: ldinJ! is Iwlp(ul 1ft rl~III\' i rt/: i-l. 't ... ilin~ mlift:llilY .hl" III hi~h a mi luw tl·IIII .. ·mturcl' I~;tl"'ln: r Hlfi'j'; HyJit' r ani ' I'uth' r 1!1";'11: ~tr(Jlhtllall W7:! ; ('(I"'mlll l!t7'-, 1. BEST COpy AVAILABLE 1 ,I 'J.:rinJ! rl.·si,hh', lill \', "::1'l:11I'1Il I" \ld .. !>1I:ld,·. \4hl('h n-. . . -tu<',·" tt·IIlI)!·ral"r.· .. ~t".' I1I(',~. t hus mt' r" :I:-III~ I'unl\nl I Ed ..,rn-11 1111.1 !'\h·in 1:,i<I ) , This 1mI'd r.·IM,irI Jl: 11t,!'tha n · .. ·:"1 t" fII ' lt'raI Uf\'!I :11 t ht· ~III JolUr (al'l' Is ur(u .. ·,,,air inh·r(at'l') . in t ht' air IlII ' .,-, fll. :,nl/ ' 11 t h\.· ~liI (I n IH i,wh" !l1 ( .. I "lw i n~ :O'·'·l·ra l l,·\·,+ .. lIe ~' \ l'r'!<I .. r~ r"l1Im"ll an,1 (IIr (llur .:our(m·t' '·"nd it lllll!> r":ouhi ll j! (rulI\ M'\" 'ral r. ·:-ifi u,' 1r."llme nt !" , T"lIlpcm urt':-ar.· "ttrn J ":"I.~1 wil h :ulj:II" '1l1 un,'ul :-tani !:-:t ' lll ", il h " XIIt'(''' ' ' I1 r" :-J>4tO:o,':-ha ..... '\I . ln IIt':l t .lit"'" aw l Iht ·rrll:l l " rl li . .. · rt lt· .. II( th,· .. ur (a,·I.·!'. ('1111: ;11:0:1 " 111',\ .. f 'n':'lttn,·!lt " '$I'um"· i:-l').:InUlIl"! I.~ lUI/kill)! :I t ,,·:-ull, .. frum Ih n 't' !illltlll:-III . Ii((,·n ·nl 11 .. 1111 .... I1 '/"rlliI4!,., "" ,.: f . )tll \-:11 , !11"'4"" I UI 't!o~n , 1 F ra:lt'IIJ a nd I" lIl ml"u1t' fi r k l /" . T n'l.· ,'I/\" 'r prror tit t"'aIIlIl' 1I1 wa=-a m ixe", !l11,· :mtl it)!l.· "':'1":: ' ''.u/: la:-,fi r ((' r,·:-t \\\ ':-1I.'rll larch :11111 rJ(llIill.·"IS!l ,Jin,· 1/ ''' HlII II '.,I' /.,,. ... ~ :! UnduHlun remm·. I, Tr,·atr.l(;nt r"mll\','<1 at tOul ·111 1"'n 't'lII " I II;,' 1II,·IT·l:ml u!tlt.· \'" Iume Ity ,'ull ill/: IIII' .. malll.·r tit:lflll' I"r 1II:tI~ri:lll1n, ' Il.'a\'illj! Iht' 1~' Ih'r "aw, IlInl..,' r :u ltl !;lrl!l' (Jllil' ~lt.'m J! :1. " a n II\"'r5111ry , Al lOut 11\ tlll1:-I"'r :1I' n ' It( " ':01"111' wme 1,'(1 ( .1\ .. I:;f>/(io.r,.,.,.uY BEST copy AVAllllLl 
Ih" r:wJr) Ir,·:lIn1l'lI1:. un t ll i~ :-IU I~ :'lIlt· "I 'n':
(1,II" r hUllt'llt'r anol ..:-r .1I"d ~klf ltf lllt: 1l-i"Il:ott,n I! '~:! •.
:! l ' n r ul. 1\ 1l a"J:U't tit Ullt .11 ar,'a W:I:-Ul't" / a:t tht' ";mtr,,1 J(,·. . . :idut· rl"i hll·lI. /I trt':atrn" 1I11l will"" tlw l'l":an'ut III ,0Iu".01 tht· (.,lIllwinJ,: .
1. Hr.':I.ka";l hurnl11~. 111I1I1.':! ~t " I "" :1(1"r ",j.t~mj.t ' ; ooprllll,! H , j:~). r"l'ult,"tl III :,,, 1 ... . 1II1 It.·m ll\·r.tlur,· l'f'n~I"" at 1.:, ft a";;,,' !lit' "ur(uI'\' :11 I.ul,r,'(.'hl :and ('unlln \\t·r.· 1 .l:wl~1 In "lfl ll.i:lni t'uU"tI 
UN C UT UNDERSTORY REMOVAL
F~u,e S-D1J1fy maltJmum and mmlmum surface tempelit turos (ef.) by OvelStOry treatmom ar Lubtecm, Augus, 29. '978 8m COpy AVAILABLE ;\h nimum :ourfan. · h. fIll~' rnturl'." at ('"r..1ll :t!l.1 t ' l1illll P;I:"'; \\,'r,' ~i~tllr.c"lI1ly l'uld,'r UII 1.1t' I'Il':m'ut trl':ltrn"nt H" 'I"ult~ (ur ~jll'M.. t \\ 11 ,;ltt'~ 11t' lw,'\'n Iht' d,':m,'Ui :111. ., 1m 10
FIQu,e o-{ 
. "·:11·11
Bt,,·tlu~(' tl1t' . .. uri:wl· "undll ltlil uf ull tn.' at"lC JtI~ f!lr tht' "\l' r:-t llr~ rt'lI hl\U!l'P"lll;IrI:>4 , II:-1:-0 tilt· :-al1ll' ,lith·r). th.· 11I"rllm! "rOl I,,· rl i,·~ dl. t 11,,1 :'I~m U'nntly mOUll1<'I.' thl' h ·m · 1"'r:Hurl' .hff,,'n ·m·l·" 1IH.:twr 1'lIrf:I\" h'1TI1"·r.1lUrt ' .. un tilt' d .... .Jr'·ul ..
--- 
10
"r ,/lJI'ut tr.attlll'lI l~ ) '1 ,1,111.1111, hili II ',,, , .. 
·r ,." .
• r' , .. II ;\la.\ ItarHtlJ,:h :-;""" '11, 1 .. '1 .\. r 
S ummar~'
T" l1Ifll "ailln'" 1t;,·rt·II~,·d Ir"l11 till' ),!'r"lIwl .. . 
uTrUt CHiPS -, j-' -':=:: ='7:', ::::-:~: TlwS(' rl'fiUh !lo fl)r :;""11 t~mllCratu r ' ~m to t)t.· eX llluirw·d \\dl lw the ,.ffu-ts tlf J{ ,j as influclll'(·d b\' O\'l'N!l(lry n,N r luml: t\ lthl}U~h 1\( ' lIff«u lht.' rMc l Or colll luction am) .111' II Ilw nUI"r:, ' 'II , , , ', , 1., ,(, ,.., I \0\'" ll:'liIlh alit I" .. "11\ ~11"'r ,.·,1 I! 't I ",,' 'I '" ( I.
"t·", .. "~,·"",I. II 11,,· II II. I, I r .11. r .' f.", I " .
,·I".lr,·'1I I h. ~, . r. ;"",11 . .. 11,111',11' -I ,!,f!!II' ...... lItr.1 t 1o'·I.~. ' II II" I"'ra un'" "I! "rl!',Ulh litlln,l I III" hn"!" 1 UrI ,lI t -,11.01 lIIulI'ral "HII. B,~'''u",' 1'1' 111;1\11111111,:11" IIlIflllI\lUIi h'II'J"'r ;lIun'" IIf :111\·r .lIld hunl<'d "tlrf:II ' .. it n ·lItu!:.r, lin' J.r .. "
.11,1111) uf 1,,·U.I,,·ralun -n·hllt . . 1 ,..,,,,dllll": 111'1 ' OIhl~ nla) lot ~UlIII;lr 1."'.\ "r maXlmWlI illld til!!"'" 1I111,lIloun h'llll,,'r .. tur.' .. hn tl1" lI1i1ll r:d ~urfan UI.:l:'l".t Ihat h'lIllot'mtll n r.·I:II.,, 1 .. ('( .. Ilam: '1. Hrl;l1l1\ \\Huld lit, I" " "r thall 1+11 tH hth'r "Ur(,h" '
Coram j hlh hn.·r "JIII !turrI .... 1 .. rl'ltt'" :11 th, ' fll'; lr"ut art' n''1ljJ., , . .. , ·h, ·r\., F"IIII Illt' fir" l thrHugh lilt' fmu th ~l':I" ,II :,-r h'II 1lI"~, a .,·rac, UI.I\lIIUUI1 H 'ml I.·rattlrl'I' ttw hU" r ,urttl(',· ""t· rt· "Igmfil·:tlltl,\ \\:a rm,·r han un tl.t· IIurll,,,1 .. urfal·"· fl' r 7' , IM 'rn' I, ,,' tht· Ul,,111 1;\111) IhrHu)!h 11\·1"1 ... ·rl UlA n",! th.· flilt. ;tud "" tll \ t'a r:-:tftl·r lturn:lI1! t ill n ' \\ " n ' n .. Ihf(" n 'flt"'" ""''' t't' t~t·;ltmt·nt ... , Paf;J, fnll1 l ;111 .. hlr ,·I,·an.·tli ;11 " 'Ir.lfII. f" r 11 .. h' lrtt'r ''''riud :<11.," ,' (1 till' "'101" r,·~ult .. ;" I r ( ' 111.1 "'\','nt:-" t '!'t, 11111 ,.1t",·r'\,11 jln "I lher .. urfal"-fll' .1Il 
.. 20
UNcu r ' 3 I II l'oUlllfllar\. tht, r"t":-uh~ (tlr t ' niun I':\l-. :Irl' t'h nl'l l~h' nl r tht.· Iourr1l.', 1 :1m! hnt·, ~u rfm.'l· ... \ \'J, :.·t:uil>n , it·\dllpfl1t·nt Il." hurrU'ft an,lllfh'r l'urf:H'l'l't 1 ..... IY, , ·t·11 ('(.r:Utl :11) 11 Lullr, chi ,-:m lot· " ).: I,lnml'tl h) " I1 ... ,'n ;ill lln~ hhuUI Ihl' I'rl' lr,':llnwlIl \ " Io!l'futl,.n, ~ul ,:-t" IU" lIt \,,·).("l'l:tli"lIlil·\ l"!" llnll'rI . 011111 ,..f'\t' rll\ IIf ,h,· lllIrll<;' . AI l 'lIJilln Ih"hurn y,n~ 11,.1 n!<i h"I" Iht.' CUt'f\!) 11:,lan\',· l'\ll1.1t ll. ;.11"" 1,,. r.·, lut·1U1! Nil \\It"11 ,·.'II/IMr,·.! III:a hl kr IIr !turn, .. 1
:-urran· lfl. &! I:{ I Tln :-I"\\\'r 111' :11 nu, tlt·n .. l!\ al Iht :o ur I,., ·. '. '·11,11.1,,,,1 \\lIIL ;t tuell. ·r h'" 11.,1,1.· i I tl;:ln lilh'r III l,unlt .. 1 .. ur 
